Background: Sub-Saharan Africa (SSA) is facing a double burden of disease with a rising prevalence of noncommunicable diseases (NCDs) while the burden of communicable diseases (CDs) remains high. Despite these challenges, there remains a significant need to understand how or under what conditions health interventions implemented in sub-Saharan Africa are sustained. The purpose of this study was to conduct a systematic review of empirical literature to explore how health interventions implemented in SSA are sustained.
Introduction
Sub-Saharan Africa (SSA) is facing a double burden of disease with a rising prevalence of non-communicable diseases (NCDs) while the burden of communicable diseases (CDs) remains high. For example, by the end of 2013, an estimated 24.7 million people in SSA were living with HIV/AIDS, with women accounting for 58 % of all people living with HIV in the region [1] . Sub-Saharan Africa continues to bear the heaviest burden of malaria, with 80 % of 219 million cases and 90 % of deaths occurring in the region [2] . In addition, of the 8.6 million new incident cases of tuberculosis, a disease that is both curable and preventable, SSA had approximately 27 % of the cases [3] . Similarly, due to rapid epidemiological transitions characterized by increasing urbanization and changing lifestyle factors [4] , the prevalence of NCDs such as cardiovascular diseases and diabetes is also on the rise in SSA [4] [5] [6] . According to the World Health Organization's global health estimates, NCDs are the second leading cause of death in SSA [7] [8] [9] . In 2011, NCDs accounted for 30 % of the 9.5 million deaths, and 25.8 % of the 675.4 million disability-adjusted life years (DALYs) recorded in Africa [9, 10] . Available evidence suggests that the number of people in SSA with hypertension, a major risk factor for cardiovascular diseases, will increase by 68 % from 75 million in 2008 to 126 million in 2025 [11] . Furthermore, about 27.5 million people currently live with diabetes in Africa [11] . It is estimated that by 2030, 49.7 million people living with diabetes will reside in Africa [11] . Obesity, a well-known risk factor for many chronic diseases, is also on the rise in SSA with 20-50 % of urban populations in Africa currently classified as overweight or obese [12] .
The growing double burden of diseases in the region has led to the reexamining of a long-standing debate in international development for health: sustainability of donor-funded interventions [13] . For many decades, funders and implementers of health interventions have asked the question "what happens among individuals, families, communities or health care systems when donor funding for implementations expires" [14, 15] . This question is especially pertinent for SSA where despite incredible gains in health achieved over the past 20 years (i.e., sharp declines in death among children under five), as noted previously, the continent continues to face a disproportionate share of the global disease burden. In light of the decline in donor funding, funders and policymakers have also become concerned with how to most effectively allocate limited resources, recognizing that intervention implementations which require substantial resources, are meaningless without successful long-term use [16, 17] . As a result, sustainability has become an important global target to achieve [18] . Yet in SSA, despite years of substantial assistance, with the proliferation of numerous actors involved in assisting countries to achieve global disease control targets, the conceptualization of sustainability has received remarkably little critical attention [13] . This paper moves beyond the perspective of intervention implementation in the region to explore sustainability so as to understand how or under what conditions [19] effective interventions implemented in SSA are sustained.
Intervention sustainability is defined in the current literature by various scholars including Scheirer and Dearing [14] who defined sustainability as the "continued use of intervention components and activities for the continued achievement of desirable health outcomes within the population of interest." An intervention is considered sustainable when its relevant activities and resources continue in the direction of its primary objectives [20] . Chambers and colleagues [16] suggested that sustainability relates to the extent that these interventions can continue to be delivered over time and institutionalized within settings, with necessary capacity built to support their delivery. Shediac-Rizkallah and Bone [21] who offered one of the best definitions described sustainability as falling into one of the three components: (1) continued benefits to those who received health services when the program started and to new participants when the supporting funds are discontinued; (2) continued implementation of a program activities in an organization following the discontinuation of the program financial support; and (3) community empowerment to improve their health by continuing the activities of a finished program. Together, these measures, they argued, allow one to plan for "what is to be sustained, how or by whom, how much and by when" [21] .
In 2012, Stirman and colleagues examined, through a systematic review of empirical literature, the sustainability of new and innovative programs. Despite the importance of sustainability and its relevance for SSA, the review reported only seven studies conducted in sub-Saharan Africa [22] . Since that review, a significant amount of research on the sustainability of health interventions has been undertaken in the region. However, there is an increasing debate and questions about persistent limitations of potential contributions that researchers could and should be making with sustaining interventions implemented in SSA [23, 24] , given decades of significant assistance to the region [15] .
Notwithstanding, there are various reasons why increased attention is warranted for sustainability of health interventions, particularly in SSA. For instance, SSA bears a major share of the global burden of diseases with the least resources both financial and human capital to address these challenges [4] . Shediac-Rizkallah and colleagues [21] suggested that termination of an intervention, particularly due to expiration of funding, is counterproductive when the disease or health outcome remains or recurs. Many projects incur significant unexpected start-up costs in human, fiscal, and technical resources, only to see funds expire prior to achievement of predicted potential [21] . Funders of these interventions also want to know whether their investments lead to longer-term beneficial outcomes or fade away after the funding is spent [14, 20] . While sustainability is a desired outcome of effective implementation, there has been little research-based evidence in this area, nor is there any "how to do it" empirical systematic review on sustainability of health interventions in sub-Saharan Africa. The purpose of this study was to conduct a systematic review of empirical literature to explore how health interventions implemented in SSA are sustained. Additionally, we sought to explore how sustainability was defined, the types of methods used, timeframe assessed, and outcomes measured and reported as well as factors identified as potential facilitators or barriers to the sustainability of interventions implemented in the region. Our paper is another addition to the growing body of literature that attempts to inform an agenda for research, funding, and polices on sustainability of health interventions, particularly those implemented in low-resource settings like SSA.
Methods
Our systematic review addressed the following questions:
How is sustainability defined in health interventions
implemented in sub-Saharan Africa? 2. Are there any factors (including positive or negative factors) that influence the sustainability of health interventions in the region.
Based on a previous systematic review conducted by Stirman and colleagues [22] , we employed a narrative synthesis to extend the current review to specifically consider the sustainability of health interventions implemented in sub-Saharan Africa. We initially set out to systematically examine only studies describing initiatives to promote the systematic uptake of evidence-based interventions into practice and policy to improve health. However, discovering that the review by Stirman and colleagues yielded only seven studies [22] , we expanded our scope to include any literature on sustainability of health interventions and programs conducted in sub-Saharan Africa.
Search strategy
We . We focused mainly on the term "Sustainability" because it a global term that appears to better capture the dynamic process involved in program continuation, incorporating notions such as permanence and time and the broad range of its potential form than the notion of similar concepts such as "institutionalization" or "routinization" [21] . We also modified our search strategy using previously conducted systematic reviews on sustainability as a guide [22] , by extending their search to incorporate only studies conducted in SSA so as to provide evidence on the current state of the research literature on sustainability of interventions implemented in the region. In addition, reference lists of included studies and available reviews were checked for further possible studies.
Analytical framework: defining sustainability Figure 1 illustrates our definitions of sustainability which is guided by Chambers and colleagues [16] Dynamic Sustainability Framework and Shediac-Rizkallah and Bone's [21] framework or guidelines for sustainability planning. Dynamic Sustainability Framework was chosen due to its emphasis on the following major elements for sustainability: the intervention, the context in which the intervention is delivered, and the broader ecological system within which health and health care systems exist and operate. Distinct from other models of sustainability, this framework considers these elements over time. It is also highlights the need for continuous assessment of the intervention so as to allow practitioners to make informed decisions about how best to utilize existing interventions and allow for potential enhancements to the interventions to be made and shared, while offering better information on which to make decisions to cease delivering interventions that do not have benefit. We also used Shediac-Rizkallah and Bone's [21] framework for conceptualizing sustainability as it includes: (1) the characteristics of the project design and implementations; (2) factors within the organizational setting; and (3) factors in the broader community level. These definitions are presented here as a starting point for summarizing similar findings across studies conducted in SSA.
Inclusion and exclusion criteria
Our inclusion search criteria were as follows: (i) any peer-reviewed studies that addressed sustainability of health interventions implemented in sub-Saharan Africa up until May 2015, there was no limit on the start date of the publication search given the paucity of data from SSA as identified in previous systematic reviews [22] ; (ii) provided definitions of sustainability using existing definitions of sustainability, such as those provided by the Dynamic Sustainability Framework [16] or Shediac-Rizkallah and Bone's [21] ; (iii) studies with information on the status of the intervention during or after the initial implementation efforts or funding has ended; and (iv) the continuation of the intervention, whether or not their primary focus was sustainability, with accounts on adaptation or lessons learned.
Exclusion criteria (as adapted from Stirman et al. [22] ) were as follows: (i) publications that did not examine sustainability using any quantitative or qualitative research methodologies; (ii) studies with no information on follow-up of individuals after initial implementation efforts; (iii) studies with insufficient information to determine whether inclusion or exclusion criteria were met (e.g., ambiguity or failure to report the timeframe during which measures were collected as well as limited information on project design and implementation characteristics, or aspects of the organizational or the broader community contexts that disproportionately deter or encourage sustainability). Contrarily to Stirman and colleagues [22] , and given both financial and human resource constraints often observed in sub-Saharan Africa [25, 26] , we considered whether initial sustainability efforts were ongoing during the time period of the intervention prior to expiration of funds.
Data extraction and appraisal
The titles and abstracts were screened, and the full papers of potentially relevant studies were obtained. Two authors independently assessed the full papers for eligibility and extracted data on study design, sample characteristics, and their findings. Methodological quality was assessed using the critical appraisal checklist for public health [27] which determines the quality of the studies by assessing the validity, completeness and transferability of the data as they relate to the study question, key aspects of the methodology, possible public health implications of the key results, and the implications for implementation research..
Analysis
Narrative synthesis was used to analyze each retrieved paper. It refers to "an approach to the systematic review and synthesis of findings from multiple sources and relies primarily on the use of words and text to summarize and explain the findings of the synthesis" [27] . Narrative synthesis is used when statistical meta-analysis or another specialist form of synthesis (such as meta-ethnography for qualitative studies) is not feasible particularly due to extreme heterogeneity in the methodological descriptions of available studies [27] . A narrative synthesis was appropriate for this systematic review given an initial scoping that revealed that the literature was too heterogeneous to permit a meta-analysis [4] . It included the following four steps: (1) developing (and/or) identifying a theoretical model, (2) developing a preliminary synthesis, (3) exploration of relationships in the data, and (4) assessment of the robustness of the synthesis.
For step 1, we used the PEN-3 cultural model which is a model designed originally for the study of health School health screening was the least sustained activity after the end of international funding.In contrast, compared to the three other district activities, facility-based consultations were more likely to be routinized. 2008-2013 Data were collected from CHC sites on current employment status of participating CHC staff, and the reasons for discontinuing employment (e.g., transfer, study leave, retirement). The number of cohorts conducted by each interventionist was recorded, in addition to the continued provision of the intervention post-study completion at the CHC High levels of clinic burden were identified; however, no increase in perceived clinic burden or staff burnout was associated with providing the intervention. The intervention was sustained at the majority of CHCs and also adopted at additional clinics. The extent to which the skills and equipment necessary for CPAP use have been maintained.
(2013) Assessment of CPAP skills in firstgeneration and second-generation nurses who underwent training and equipment inventory
First-generation trainees scored significantly higher than secondgeneration trainees on both skills and knowledge assessments. Appropriate + technical support and training must be ensured to address equipment maintenance. Protocolization of the training program, in conjunction with skills and knowledge assessment, may improve acquisition and retention among second-and future-generation trainees.
Zulig et al. (2014) Tanzania
Weiner's theory of organizational readiness to change
Cancer registry program
Weiner's theory of organizational readiness to change provided the conceptual model was used to define sustainability. The key tenet is that organizational readiness is a multilevel, multi-faceted construct comprised of both organizational members' shared resolve to implement a change 2013
Interviews with administrative department heads and clinical stakeholders
Nearly half (45 %) of participants discussed change commitment, stating that the cancer registry would be of benefit to them and that they were committed to it. However, change efficacy was low-participants were not confident in their shared ability to sustain the registry. Most participants (73 %) discussed the importance of resource availability and administration support.
n/a not available behaviors and interventions in the sub-Saharan Africa context [28] . The model has been used previously to examine the impact of context such as culture on health outcomes [28] . We used the model here as a guide to examine positive, unique, and/or negative factors that may influence the sustainability of health interventions in sub-Saharan Africa. For step 2, we used content and thematic analysis to conduct the preliminary synthesis of the retrieved literature. Specifically for each paper that met the inclusion criteria, we extracted the following data: country, type of intervention or program conducted, definition of sustainability, length of time for assessment of sustainability, and the analytical approach used to measure sustainability, as well as results of findings. Two authors independently conducted this tabulation and compared coding decisions to maximize reliability. In the case of disagreement, a third author was brought in and the three authors discussed the coding until a consensus was reached and approved by all parties. The key terms and components of sustainability were then extracted for thematic analysis, to identify themes occurring within the data. Using relevant extracts from text retrieved from available papers, we grouped the themes into categories that highlighted facilitators (positive), unique (existential), and/or barriers (negative) influencing sustainability of health interventions implemented in sub-Saharan Africa. For step 3, efforts were made to examine differences both within and between the data of included studies. We also constructed a table to show where there was overlap between studies. Finally for step 4, we assessed the robustness of our synthesis to provide an assessment of the strength of the evidence retrieved, the conclusions drawn, and the generalizations of findings. We accomplished this through the use of the critical appraisal checklist for public health as a guide and by placing the findings in the context of wider literature, such as Stirman and colleagues [22] review on the sustainability of health interventions and programs.
Results
The flow chart of the search results are presented in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram in Fig. 2 . The search identified 1819 citations, and following removal of duplicates and our inclusion/exclusion criteria, only 41 papers were eligible for inclusion in the review.
Area of study
As shown in Table 1 , which includes a summary of the 41 studies included in this review, the five regions of SSA were fairly represented, with nine (22 %) from Southern Africa countries, seven (17 %) from West Africa, seven (17 %) from East Africa countries, three (7 %) from Central African countries, and one from North Africa. Six papers had more than one country represented. In total, 26 countries were represented in this review, with Kenya and Nigeria having the most representation of available studies examining sustainability. Of note, majority of these studies (30 %) were published in 2014, with the earliest record in 1996.
Theory or framework used
Twenty three of the 41 articles reviewed discussed framing the sustainability in terms of a theory or conceptual framework. The most common framework utilized was the sustainability framework, which was discussed in four of the studies. Three studies used the socioecological model of behavior, which was the second most frequent framework. Eight of the studies discussed a framework for the research that could not be classified as a traditional theory. These included WHO recommendations for sustainability, sustainability analysis tools, and improvement frameworks.
Type of methods used
Majority of studies reviewed utilized qualitative evaluation methods, most commonly in-depth or semistructured interviews (n = 17). Many of the qualitative inquiries also used additional methods such as document review and observation for triangulation. Mixed methods studies comprised one quarter of the reviewed papers (n = 10). Some of the studies used a structured quantitative questionnaire along with either individual interviews, focus groups, key information interviews, or a combination. Thirteen studies explicitly evaluated evidence-based interventions with regard to sustainability, and three of the twelve were randomized control trial. Other methods of evaluation included use of laboratory tests, reviewing clinic processes (e.g., referral rate, staff retention, staff burnout, etc.), and patient record review.
Timeframe assessed
We coded studies for the last post-implementation timeframe reported. Most studies (n = 22) occurred 12 months or more past the initial implementation. Eighteen (44 %) reported outcomes at less than 12 months postimplementation, three (7.3 %) at 12 months, and nine (22 %) between 12 and 36 months post-implementation. Ten studies (24.4 %) were evaluated more than 3 years after implementation. While studies have suggested the need to consider sustainability elements over time, only one study conducted in Kenya examined sustainability gains made with their intervention at two time points.
Health outcomes reported
The health outcomes reported in the studies were diverse. in sub-Saharan Africa, while three studies (7.3 %) focused on neglected tropical diseases, two studies on rehabilitation services, and the remainder on quality improvement of health care delivery, eye care, and the sustainability of immunization programs in the region.
Sustainability definition and outcomes reported
Although all the studies focused on aspects of sustainability, only 21 out of 41 (51.2 %) studies had clear definitions of sustainability. The remaining studies described sustainability using terms or factors such as program continuation/maintenance, program effectiveness, functioning, routinization, and capacity building, as well as retention of workers and community ownership of project. Among the studies with clear description on sustainability, the definitions cited were based on sustainability as defined from previous literature such as the work of Shediac-Rizkallah and Bone [21] , Sarriot et al. [29] , and Johnson et al. [30] and the sustainability planning model, as well as the existing definitions from the World Health Organization. In terms of sustainability outcomes, majority (whether they defined sustainability or not) reported outcomes related to the continuation of the program (46.3 %) such as whether activities continued or were interrupted following the end of funding. Others focused on ownership of project (24.4 %) whether at the community level or structural level, effectiveness (7.3 %), capacity building (7.3 %), retention of workers (7.3 %), and routine use of interventions (5 %) following initial implementation. Only one study focused on quality improvement of the intervention [31] . Also, among the thirteen evidencebased interventions reviewed, six reported data on the extent to which patient-level or individual factors were sustained following the end of the implementation, while six assessed sustainability at the provider level. Studies focused on sustainability at the provider level examined retention of health care workers and the challenging work conditions they experience at the end of a project. One study examined the sustainability of an equipment used during a clinical trial [32] , while another evaluated sustainment at the community level [33] .
Narrative synthesis of findings
The findings were further grouped into three main themes presented in Table 2 which describe either facilitators or barriers toward sustaining health interventions in sub-Saharan Africa.
Facilitators
Community ownership Community ownership and mobilization were recognized by many of the reviewed studies as crucial facilitators for intervention sustainability, both early on and after intervention implementation. Involvement of stakeholders and providing them with a sense of ownership in intervention proved beneficial for a variety of reasons. In Somaliland, a physical rehabilitation network evaluation found that a centralized social structure within the community allowed for rapid diffusion of information between various actors in the intervention, which would aid tremendously in the context of an emergency [34] . In Zambia, commitment and ownership positively affected a program designed to address quality improvement in health service delivery [31] . Another study by Rashed et al. [35] that investigated the impact of insecticide-treated bednets used to prevent malaria found that community members felt a great sense of pride in participating in the program. The stakeholders felt that they were able to do something themselves that led to disease reduction, which increased their feelings of ownership and motivation to continue the program. For certain interventions, community involvement reduced stigma surrounding the disease [36, 37] . Involvement of key stakeholders in implementing interventions and recruiting community members can ensure that the appropriate social norms are addressed during recruitment and program awareness. For instance, in the context of HIV/AIDS, social stigma is a barrier that prohibits participation in prevention and treatment programs and can hinder the sustainability of programs targeting HIV. Osawa et al. [37] found that having community care facilitators for an anti-retroviral treatment program helped reduce community stigma surrounding HIV and led to better program retention. Perceived social support from community and family members is also important for intervention sustainability, especially for HIV/AIDS treatment programs [38] .
Working within existing resources Other facilitators identified in only a handful of studies were building off of, and within, existing community resources. This serves as a unique aspect of intervention implementation and sustainability as working within existing resources ensures that a framework component of the intervention already exists and can continue to exist in the absence of external funding and assistance. For instance, an assessment of a community nutrition program for pregnant women found that building on existing social units and roles, such as birth attendants and community leaders, enabled the sustainability of efforts to produce and promote a nutritional supplement to improve women's nutrition during pregnancy. Additionally, the researchers noted that interventions that are compatible with social norms and values such as the use of traditional songs or plays can contribute to sustainability in the long run [39] . Eliason [40] incorporated unique aspects of the community in their intervention as well. In order to improve primary care, the authors utilized churches in the community as the intervention setting, thus incorporating the intervention directly into an existing and thriving part of the community. Through establishment of project leadership and direct dialogue with community members, these primary care centers were sustained upwards of 9 years. Eliason [40] noted that the church was instrumental given its philosophy of being a center of wholeness with the responsibility to minister to the underprivileged and suffering in the community. More recently, Ghiron et al. [41] implemented an environmental approach to improving health through continued dialogue with community members and social/cultural tailoring. Furthermore, instead of creating a parallel structure, the team aimed to work within the existing personnel and systems. Another unique factor that facilitated sustainability was flexibility and local adaptation of interventions to unique contexts. Amazigo and colleagues [33] observed that helpful adaptations to interventions are a sign of the sound leadership needed to sustain local interventions. Blanchet et al. [34] suggested that disentangling projects into distinct activities allows sustainability to be achieved and helps identify which activities are likely to be maintained and which activities are more likely to stop.
Community buy-in through volunteerism An intervention to treat acute malnutrition in children in Burkina Faso demonstrated the importance of volunteerism in intervention sustainability [42] . Somassé et al. [42] found that community volunteers perceived their role in the program as similar to other community health workers (e.g., nurses, physicians) and thus showed good ownership of the intervention and were ready to take on various responsibilities to continue the intervention. The importance of community ownership and intervention compatibility with community norms and values was noted in several of the reviewed studies that addressed a wide variety of health interventions, ranging from community nutrition projects to eye care programs. Incorporating community values and Community ownership 1. The highly centralized structure of the social network potential to help rapidly diffuse information between actors [34] 2. Community mobilization [66] 3. (a) Community involvement in meetings; (b) collective ownership; (c) inputs from professional in health system to include local economic concepts and values [67] 4. Community ownership, responsibility, and participation [33, 39, 44] 5. Regular dialogue with community; community ownership [40] 6. Engaging in participatory process with key stakeholders [41] 7. Builds on social and cultural values [38, 63] 8. Creating strong social links and networks with members; social support [38, 43] 9. Resource flow between members of social networks, [38, 66] Weak health systems 1. Volunteer health workers need refresher training and proper supervision [66] 2. Limitations with assessment of sustainability over time [67, 68] 3. Severe shortage of drugs [67, 68] 4. Weaknesses with formal health systems with timing of distribution of medical services [33] 5. Lack of community-managed monitoring and supervision system [39] 6. Poor assessments [69] 7. Lack of collaboration and access to data 8. Lack of provider integrity [40] 9. Lack of comparable baseline data [17] 10. Lack of rigorous models evaluating sustainability of community health worker programs [61] 11. Lack of monitoring and reporting; no central database for recording [47] 12. (a) Need updated risk management, (b) lack of structure for decision-making, (c) need to improve referral and dissemination of results [50] 13. Lack of Ministry of Health recommendations on how to integrate the program activities into the daily planning and strong strategic plan [42] 14. (a) Fragile and understaffed health systems; b) lack of access to viral load monitoring [52] 15. Lack of disease registries; paper-based patient records [55] Working within existing resources 1. Institutionalization and integrating within existing political and economic resources [66] 2. The use of a respected traditional authority (i.e., village heads) [33, 67] 3. Adaptation to cultural norms and values [33, 39, 67] ; tailoring innovation to sociocultural and institutional settings [41] 4. Building on existing social units and roles such as traditional communicators, traditional birth attendants, and community management committees [39] 5. Consideration of the individual parts (e.g., activities) of a health program as it is to consider the program as a whole [34] 6. Continued dialogue with community members [41] 7. Building on pre-existing capacity of community-based organizations to organize themselves [57] Lack of financial leadership integrating key stakeholders in the development and implementation of interventions increases the likelihood of sustainability, as community members feel more ownership and involvement than they would in a program that does not align with their cultural and social norms. Rassachert et al. [43] built upon this, discussing the importance of program flexibility in order to adapt to different cultural norms when appropriate. Flexibility of health programs facilitated staff integration and communication and created an enabling environment in which the workers accepted the intervention. Furthermore, the ability to tailor programs based on specific community needs while involving key stakeholders can help initiate meaningful participation, despite the fact that this can have significant time implications [41] .
Sound infrastructure Another theme that emerged from the articles reviewed was the importance of developing an infrastructure for interventions and delegating responsibilities for intervention maintenance. Studies noted that a facilitating factor to intervention sustainability was the development of a community advisory board, health facility board, or administrative structure [44, 45] . Le Gargasson et al. [46] discussed that a centralized civil society organization enabled the maintenance of a public-private partnership to increase immunizations because this organization was pivotal in securing program funding. Similarly, in evaluating a salt ionization, Sebotsa et al. [47] found that the presence of a functional national body responsible for governing the ionization process, appointment of reliable executives, and legislative regulations on the ionization process were key facilitators to program sustainment. Indeed, the importance of reliable leaders who take control of the tasks necessary to sustain a health program is a cornerstone for intervention maintenance. Also, the need for better monitoring and program assessment was described as a factor likely to influence the sustainability of interventions. The continued assessment and reassessment of these interventions is necessary to ensure that protocols are being followed and that the interventions are being implemented in a culturally and socially appropriate way. Furthermore, centralized databases for this information facilitates the sustainment of interventions over time as they pass to new management and new leaders, to ensure that original and/or effective protocols are being followed.
Barriers
Weak health systems Broader social and ecological conditions as well as societal upheavals were barriers that influenced the sustainment of community-based interventions in sub-Saharan Africa. For instance, in Mozambique, district health authorities suggested that weak health systems and poor health coverage limits the sustainability of most community-based health programs in the region [43] . A cardiac surgery program in Rwanda faced tremendous difficulties due to the aftermath of the genocide, in which most health care professionals fled the country [48] . In Zambia, Torpey et al. [49] suggested that the fragile state of the health care system creates a challenging environment that affects technical, programmatic, and financial efforts of the Ministry of Health, Zambia, to contribute toward building long-term sustainable HIV interventions. The political conditions of certain countries posed unique challenges with respect to intervention implementation and sustainability.
Lack of financial leadership Furthermore, as previously mentioned, the lack of financial leadership and accounting organization hindered the progress made by interventions. One of the challenges with sustainability is the lack of funds available for a long term. Particularly for public health interventions, the lack of financial resources results in the use of inadequate equipment to perform necessary health interventions. For instance, La Gargasson et al. [46] noted that primary challenges to introducing new vaccines were insufficient funds for proper cold-chain processes and distribution costs. Rashed et al. [35] noted that financial constraints led to the cutting of potentially beneficial health interventions due to the lack of immediate benefits. The financial constraints faced in many low-resource settings force difficult decisions to be made about terminating potentially life-saving health programs in favor of others with more instantaneous results. Many of the beneficiaries of these health programs cannot afford to pay for services.
Leadership delegation and consistent workforce Even at the community level, the need to delegate responsibilities to various community workers is key for sustainment. Mbanefo et al. [36] found that a major downfall of a community program for treating onchocerciasis was there was no structured mechanism for transferring financial responsibility for the intervention to the community. La Gargasson et al. [46] corroborated these results, demonstrating that the absence of functional financial institutions at both national and sub-national levels hinders intervention sustainability as there is no structured mechanism for allocating funds. Additionally, a lack of local record keeping poses challenges to sustainability because information regarding the amount of resources needed and previously used is not available for future use. Overall, better monitoring and program assessment is needed to sustain interventions. Sharma et al. [50] noted that prominent barriers to sustaining their program were the need to update risk management and protocol, a lack of structure for decision-making, and the need to improve disseminations. The effect of financial constraints on health workers is also a noted challenge. Many health workers participating in these interventions are either paid little or nothing for their contribution, leading to high rates of attrition and turnover. Additionally, high patient load and staff burnout were common barriers noted, primarily because programs could not afford to hire more staff to treat patients. Often staff were overworked which led to inadequate provision of services. Furthermore, staff in some cases, were mistreated, making retention difficult [44] . More generally, limited medical resources and the lack of space contribute to health care worker burn out and difficulty with intervention sustainability [43, 51, 52] . In many cases, health interventions lacked cohesiveness and coordination with political and social groups [53] leading to a lack of financial integrity [40] and instability with long-term financing [34] . Indirect costs associated with interventions such as patient and health worker transportation and far distances to clinics were also barriers to intervention sustainability [44, 38] . Health care workers often bare the financial burden of traveling to beneficiaries themselves, severely limiting the financial incentives they gain from working with the program.
Health care worker shortage Another notable barrier to sustainability is the fact that many countries in sub-Saharan Africa already crippled by severe health care worker shortage. In some instances, the social and political climate in certain countries further weakens the already fragile health care systems, thus limiting capacity building and future sustainability. In one study, sustainability was difficult to achieve due to the overarching perspective that research efforts are seen as extraneous to medical treatment [54] . Osawa et al. [37] also noted that discordance between policy and community goals hindered the success and sustainment of an intervention. For instance, the lack of policy related to intervention evaluation and data dissemination conflicted with information presented to the intervention staff about the importance of evaluation. Humphries et al. [45] discussed this idea in the context of a program working to address HIV. Despite strong administrative structures, innovation champions, and leadership action, there was a lack of successful development and accreditation of training materials. Although the program itself had a strong infrastructure, the national policies related to development of accredited training materials was not consistent with the program goals and may have contributed to the lack of program ownership displayed by the community.
Lack of education and awareness Nonetheless, the lack of community awareness or education regarding the health issue also impeded successful implementation and intervention sustainability [55] . Both Sharma et al. [50] and Walsh et al. [56] found that lack of program awareness among community members limited enrollment and retention in HIV treatment programs. Moreover, Zulig et al. [54] evaluated the effectiveness of a cancer registry and found that both lack of awareness of its existence the ambiguity of the program purpose hindered intervention progress. Similarly, a prenatal care intervention reported that women attending prenatal care late, either due to lack of awareness of services or pregnancy, was a barrier to sustainability [57] . Several studies also noted that lack of patient education specific to disease, general health education, and inefficient public education systems contributed to difficulties with sustainability [43, 47, 36] . Shortcomings in knowledge and attitudes toward specific health interventions among community members make ensuring the development of a community-managed monitoring system difficult, thus impacting overall intervention maintenance. Community provision of support must occur in a context in which the community is accepting of the intervention and believes that the benefits outweigh the cost [39] . In some cases, community fear of a disease, such as HIV/AIDS, is enough to prevent program implementation and maintenance [37] . HIV/AIDS is unique because of the associated stigma across the continent; however, stigma and community misconception of the disease prohibit individuals and communities from even participating in HIV interventions [38] .
Discussion
Have gaps in knowledge been addressed in sub-Saharan Africa?
Since the first systematic review published in 2012 on the sustainability of new programs and interventions [22] , sub-Saharan Africa has amassed a small but growing number of studies from 7 to 41, focused on the sustainment of health interventions implemented in the region. Most of the studies largely focused on answering the question of what is sustained after the initial implementation ends, with very limited studies focused on how or by whom, how much, and by when over several time periods [16, 21] . Indeed, a commonly held view is the idea that sustainability occurs at the end of the implementation process with post-project assessments used to evaluate whether intervention outcomes can be sustained. Not surprisingly, the findings of many of these studies indicated that interventions in sub-Saharan Africa are difficult to continue effectively and with fidelity to practice. This is because many studies did not necessarily plan for sustainability at the outset of implementation. Instead, across the studies reviewed, sustainability seemed to be an "added-on" element after an intervention has been designed, funded, and implemented. The literature to a large extent also echo the findings of Stirman et al., specifically the fact that the literature on sustainability in SSA context is "fragmented and underdeveloped" [22] . In addition, although studies do provide some operational definition of sustainability guided by published literature or model or concept, the research itself remains largely descriptive and retrospective with few comprehensive or methodological rigor applied in the studies [22] . In studies with no definition, what is meant by sustainability is vague with the "sustainability" concept not clearly defined or consistently applied. The ability to interpret research findings or make cross-study comparisons about the extent to which interventions are sustained over time remains difficult to assess due to variety in terminologies and sustainability outcomes identified in available studies.
In addition to concerns with definitions, the review by Stirman et al. [22] also strongly recommended that there needed to be improvements in methods employed to characterize intervention sustainability and its influences, yet this area remains problematic in sub-Saharan Africa. Majority of the studies had limited descriptions of methods, few details of analysis, nonexistent benchmarks to guide researchers in efforts to identify the extent to which interventions were continued as implemented, and little or no recommendations on how to move sustainability research forward. Also, with the exception of few studies [33, 36, 43, 45, 61] , there are still limited data on the processes associated with sustainability. Despite the recommendation to examine what is currently known about sustainability over time so as to capture variations over time [16] , only one study conducted in Kenya assessed sustainability two time points over several years [58, 59] . Also, none of the interventions were developed specifically to refine hypothesis on sustainability drivers or promote the sustainability of effective practices. Instead, sustainability in many cases, drifted in favor of addressing resources needed to continue implementation with few focused on sustaining health outcomes over time. These limitations makes it exceedingly difficult to report the methodological rigor that might have been applied to the studies reviewed and contributed to the difficulties associated with understanding the intervention characteristics or practices that matter for long-term sustainability of health interventions implemented in the region.
The importance of context
Sustaining interventions in the region anytime from 6 months following the end of a project or up to 9 years as in the case of Cameroon is of major public health significance. We found that facilitators such as community ownership of the interventions alongside building on existing unique resources such as churches and community health workers not only are important for sustaining interventions in sub-Saharan Africa but are also influenced by barriers such as the effect of financial constraints or the shortage of health care workers. Among the notable findings observed, allowing communities to optimize interventions according to their needs within the context of an overarching framework or promoting a process that is firmly embedded in traditional and cultural norms or values of local communities with support for community leaders and the use of local resources enhances the sustainability of interventions in the region [31, 33] .
Nevertheless, individual or community strengths cannot overcome some of the weaknesses further up at the organizational or institutional level. The sustained use of interventions in the region also seemed to be influenced by the social conditions unique to the region whether it is with societal turmoil or shortage of health care workers. Results of the review suggest that in some contexts where health systems are weak and the coverage of health care poor, elucidating the ways in which factors interact to enhance or challenge sustainability will require understanding from a complex systems approach. Complex systems such as health care settings or communities have several defining characteristics including the tendency to be self-organizing, sensitive to initial conditions, and make non-linear phase transitions (i.e., jump too quickly from one position to another very different position), with interaction effects and feedback [60] . These characteristics will influence whether the sustainability of a potential effective intervention is a simple or complicated process. The complex systems approach enables researchers to be aware of the interactions that occur between components of the intervention itself as well as with the socio-cultural context in which it is implemented and the influence of broader organizational and policy factors present in the setting where the intervention is implemented. In the reviewed literature, only two studies did that. In Zambia, systems thinking was used to evaluate ways to enhance quality improvement in health care delivery [31] . In Rwanda, sustainability was framed as a dynamic question and causal loops used to unearth not only unknown factors but also how other factors combine to negatively shift the evolution of community-based interventions in limited resource settings [61] .
Toward the sustainability of interventions implemented in sub-Saharan Africa: A conceptual framework
For sub-Saharan Africa, while we now have some description of the positive and negative factors that influence the sustainability of interventions, what is not well understood or measured is the relative influence of these factors in particular contexts. Furthermore, little attention has been paid to the dynamic nature of sustainability within and among countries and changes over time. Thus, we recommend the need to develop multi-faceted approaches tailored to context and the broader dynamic and complex health transition ongoing in the region.
Thus, frameworks such as the Dynamic Sustainability Framework (DSF) [16] with its focus on the intervention, the context in which the intervention is delivered, and the ecological systems within which the interventions exist and operate within as well as the consideration of these elements over time is one example that provides unparalleled opportunity to promote sustainability of interventions in sub-Saharan Africa. The fact that DSF incorporates "noise" within health care contexts, advocates for continuous assessment of the local context, while supporting the evolution of an intervention within a changing context also offers the opportunity to assess sustainability as a dynamic process in the region [16] . DSF can also be aligned with alternative existing frameworks currently used in the region like the PEN-3 cultural model with its focus on community dialogue or what Airhihenbuwa [62, 63] refers to as a "polylogue," whereby attention is paid to language used, expressions (verbal and non-verbal) for communication, and meanings ascribed to what is being discussed. For example, in previous research conducted in the region, we know that words may remain the same but their meanings change as they cross cultural boundaries [64] . We believe that the importance will not always be the etic (scientific) accuracy of usage, but rather the emic (cultural and community understanding) of what is being discussed [64] .
To that end, we propose a comprehensive conceptual framework that broadly maps the terrain of findings from interventions implemented in SSA focused on sustainability while blending aspects of frameworks such as DSF with already existing frameworks on health in the region such as the PEN-3 cultural model. The framework presented in Fig. 3 emphasizes the intersection between the intervention itself and broader socio-cultural and community context within which the intervention is implemented as well as the role of organizational factors in influencing the sustainability of the intervention over time. In doing so, it brings attention to sustainability as a core component embedded within the overall life cycle of an intervention that evolves through time.
The framework also illustrates a number of important lessons for fostering long-term sustainability of interventions implemented in SSA, and they include the following: maintaining a strong fit between core intervention elements and existing socio/cultural and community resources and creating supporting structures between the intervention and the organizational settings while continually fostering community dialogue about the intervention on a daily basis to enhance not only community's capacity to readily integrate interventions into existing practices but also to address underlying elements at the intervention, sociocultural/community context, and/or organizational settings that can support or threaten the sustainability of the intervention. The process of engaging in community dialogues also acknowledges that members of communities have a voice that should not be omitted or taken for granted as they play a crucial role with working to sustaining essential elements of implementation that have a strong fit with their context [65] . Deep engagement with communities in dialogue can set appropriate directions for intervention, highlight perceptions about benefits versus risks, and reveal emerging opportunities and constraints arising within the intervention, community, and the broader organizational context that can facilitate sustainability.
Like DSF [16] , the framework also demonstrates that sustainability is not a static process. Nestled in the middle with sustainability is time, an unresolved issue that can threaten the potential to sustain any intervention. We find it useful to conceive both sustainability and time as mutually enabling or constraining. Most interventions implemented in SSA usually have a ceiling of 3-5 years because of funding mechanisms and policy logic of research projects, with sustainability of intervention effects assessed 12 months after initial implementation [20] . Yet, in a setting like parts of SSA where resources are limited, where the burden of diseases are growing with no set timeframe, and where infrastructure, including leadership support for implementations, are weak [4, 5, 9, 11, 13] , a key point is that sustainability is likely to be affected not only by the intervention characteristics, socio-cultural context, or organizational setting but also by time. The iterative link between these influences thus offers valuable insights on the dynamic process involved with planning for and considering structures embedded within the various levels that will support the continuation of interventions over time [16] . This includes allowing enough time to promote a sense of community ownership, fostering community engagement, paying attention to local norms and values, identifying local resources and local champions of interventions, addressing ethics by ongoing stakeholder discussions, including perceptions of benefits versus risks involved, continuous adaptation to fit local context, staff training and orientation, supervision, ongoing assessment, feedback, and learning, and building sound infrastructure and financing mechanisms to ensure that the promise of sustainability is reached long after initial intervention implementation.
From the perspective of researchers and policymakers, understanding the nature of these intersections will help inform and refine strategies to ensure that interventions are continued for many years thereby facilitating the efficient and effective use of available resources. Use of the proposed conceptual framework will also help to promote and ensure the consideration of key factors that are central to the sustainability of interventions implemented in the region. Although the framework is only hypotheses-generating and not predictive, it can also lay the foundation for the operationalization and measurement of measures and outcomes so as to test which factors are or are not predictors of longer-term sustainability [14] .
Limitations of the study
Although we made every effort to provide a comprehensive review and synthesis of all available literature through the use of a systematic search strategy with critical appraisal of our processes, this review has limitations. First, we only report studies published in English. Second, there are limited data on peer-reviewed evidence-based interventions reporting sustainability outcomes in sub-Saharan Africa. Finally, few studies assessed sustainability over time, which itself was inconsistently defined and applied such that comparisons of outcomes across different settings both within and across countries in sub-Saharan Africa were nearly impossible to examine.
Conclusion
This is one of the first reviews to comprehensively examine sustainability of health interventions implemented in a region traditionally underrepresented in dissemination and implementation research and for which sustainment of any intervention or program may not be a simple process. Despite the limitations, our findings highlight the need for more literature on the sustainability of evidencebased interventions conducted in sub-Saharan Africa paying close attention to the serious gaps in understanding [22] . We present a conceptual framework to describe the dynamics involved in sustaining interventions implemented in SSA. The framework highlights the linkages between the intervention, the socio-cultural and community context in which it occurs, and the organizational factors in which it operates [16] . Understanding how these linkages intersect over time is important for advancing the research agenda on the sustainability of health interventions in the region. Given the findings of this review, the limitations of available resources and the worrisome data on the growing dual burden of diseases in SSA, it is suggested that at a minimum, plans for sustainability should be incorporated routinely with interventions implemented in the region.
